For other tumor sites, there is no sufficient evidence available. In M1 stages, selected patients may benefit from surgery. Survival differences between resection at different stages probably mirror the biology of the disease rather than the effect of the timing of the operation.
Introduction
Surgery is an essential element in the treatment of gastrointestinal stromal tumor (GIST). For primary, non-metastatic GIST it constitutes the only potentially curative approach. With the advent of minimally invasive surgery for the resection of gastrointestinal malignancies, surgeons are faced with the question if laparoscopic resection is appropriate also for primary GIST. In metastatic (M1) stages of GIST, it complements systemic therapy in selected scenarios. This article reviews the underlying rationale and the available evidence for both laparoscopic resection of primary GIST and surgery for M1 GIST. To this end, a selective literature review was carried out.
Principles of Surgery for Primary GIST
Although GIST is a paradigmatic example for the efficacy of targeted drug therapy, the primary treatment and only option for cure in non-metastatic GIST remains complete surgical removal. Resection of GIST should follow the principles of oncological surgery, but certain biological properties of GIST alter some features of the Keywords Gastrointestinal stromal tumor, GIST · Surgery · Laparoscopy · Metastatic stages Summary Background: The principles of surgery for primary gastrointestinal stromal tumor (GIST) are resection with clear margins without lymphadenectomy, thus enabling organ-preserving resection in many cases. Tumor rupture needs to be avoided, because it entails peritoneal sarcomatosis. Given these preconditions, there is a rationale for laparoscopic resection of primary GIST. In metastatic GIST, surgery cannot achieve cure, but constitutes an important cornerstone of treatment. Resection can be performed either for residual lesions in responding patients, for focally progressive lesions, or as palliative measure in generalized progression. Methods: Selective literature review. Results: There is ample evidence on laparoscopic resection of gastric GIST, but none from randomized trials. The studies show favorable perioperative outcomes and suggest adequate oncological results; however, a direct comparison to open resection is difficult. For surgery in M1 stages, survival outcomes are better for resection in generalized response than in focal progression. Perioperative morbidity is acceptable. Surgery in generalized progression does not prolong survival and bears relevant morbidity risks. Conclusion: Laparoscopy seems an adequate surgical approach for primary gastric GIST, as long as the surgical principles relevant for this entity are respected.
surgical approach compared to epithelial tumors, namely carcinomas, of the gastrointestinal tract. Like any malignant tumor, GIST should be resected with tumor-free margins. There is no uniformly accepted recommendation for the width of the resection margin one should aim at. Recent data suggest that a margin of 2 cm of tumor-free tissue towards the organ of origin, and intact adventitia, serosa, or peritoneum covering the tumor in other directions, are associated with longer survival compared to smaller margins [1] . In contrast to the surgical treatment of most carcinomas, whole organ removal (e.g. total gastrectomy, deep anterior rectal resection, hemicolectomy) is usually not required as long as a sufficient resection margin is guaranteed. This principle is based on the fact that lymphatic metastasis is an extremely rare event in GIST [2] . Therefore, systemic lymphadenectomy is not indicated and resection of the tumor-bearing part of the respective organ is sufficient. The only exception is constituted by the rare succinate dehydrogenase-deficient GIST, which are present in Carney-Stratakis syndrome [3] . In such cases, enlarged lymph nodes should be removed.
During resection of GIST, tumor rupture must be avoided at all cost. This is particularly important because GISTs are extensively neovascularized and are usually very fragile, which leads to a substantial rupture risk, which is reported to be up to 10%. Rupture into the abdominal cavity has catastrophic sequelae as it almost inevitably leads to peritoneal sarcomatosis. Therefore, utmost caution must be exerted when handling the tumor intraoperatively [4] .
If tumor rupture should still occur, or if a GIST has already ruptured spontaneously before surgery, the risk of recurrence might be lowered by extensive lavage of the abdominal cavity. Yet, there is no formal evidence supporting this approach. Moreover, preemptive imatinib therapy is strongly recommended in case of tumor rupture.
Laparoscopy for Primary GIST

Principles
Having the described surgical principles for resection of primary GIST in mind, surgeons are inevitably faced with the question if laparoscopic resection is an appropriate approach for GIST. Laparoscopy is now well established for the resection of many gastrointestinal carcinomas [5] . For certain stages of colorectal cancer, laparoscopic resection has replaced open surgery as the recommended approach. The pertaining evidence shows that it has undisputable benefits in terms of enhanced recovery, lower pain levels, and shorter hospital stay, while perioperative morbidity and mortality are at least equivalent to open resections. For colorectal cancer, there is higher-level evidence that the oncological outcome of laparoscopic resection is at least equivalent to that of open resection [6] . Therefore, a rationale for resecting GIST laparoscopically seems well justified. Tumor-free resection margins should be equally achievable by laparoscopy. Likewise, safe tumor handling with the aim of avoiding tumor rupture can be expected if the surgeon has sufficient overall experience in laparoscopic surgery. As in open surgery, the tumor itself should not be touched during resection. For removal of the resection specimen, a retrieval bag is mandatory to avoid damaging the tumor surface when removing the specimen through port-site incisions ( fig. 1 ). For the removal of large GIST, incisions would need to be considerably extended to allow removal of the specimen without morcellating the tumor, which is for obvious reasons to be strictly avoided. In such cases, the advantages of laparoscopy, which are mediated through the absence of incisions, would be offset. Consequently, in large tumors, even if laparoscopic resection seems technically possible, upfront open surgery should be preferred.
Given the anatomical peculiarities, most laparoscopic resections of GIST are carried out for gastric tumors. Gastric GIST can usually be resected without the need of creating an anastomosis by performing segmental or wedge resection with a linear stapling device. For small gastric GIST and gastric GIST in challenging locations such as the cardia or lesser curvature, hybrid endoscopic-laparoscopic procedures can be considered [7] . Such tumors are often hardly visible from outside the lumen. In such cases, the tumor can be exactly localized endoscopically, thus defining resection lines for the laparoscopic part of the operation. Moreover, particularly in cardial and subcardial locations, the endoscope or an endoscopically inserted thick gastric tube passing can help avoiding relevant narrowing of the gastric lumen by the resection. For GIST of other locations, laparoscopic resection is carried out less often, due to both the relatively lower incidence and a higher degree of technical difficulty. Tumors located in the small or large bowel usually require anastomosing the bowel after resection of the tumor. This can be done either by intracorporal suturing or stapling, which is an advanced laparoscopic technique, or by extracorporal suturing using a utility incision of variable size. For rectal GIST, even though lymphadenectomy by complete mesorectal excision is not needed, transanal stapling or coloanal hand-suturing must be performed. Both the guidelines of the European Society for Medical Oncology (ESMO) [8] and the National Comprehensive Cancer Network (NCCN) [9] foresee laparoscopic resection of select GIST in their respective current version. The ESMO guidelines generally state that possible laparoscopic resection needs to follow the principles of oncological surgery. It discourages laparoscopic resection in patients with large GIST, without stating a clear size limit, because the risk of rupture is deemed disproportionately higher in such cases. The NCCN guidelines suggest to consider laparoscopic resection for GISTs in favorable locations such as the anterior wall of the stomach, jejunum, and ileum. Like in the ESMO guidelines, it is emphasized that the same surgical principles followed in open resection of GIST such as complete resection, preservation of the tumor pseudocapsule and strict avoidance of tumor rupture be observed, and that a retrieval bag be used to remove the specimen. Furthermore, the NCCN guidelines suggest that laparoscopic resection could be feasible in other anatomic sites such as the rectum.
Evidence on Laparoscopy for Primary GIST
The first laparoscopic resection of a GIST has been reported in 1992 [10] . However, the tumor entity as such had not even been defined at the time, and the resection was performed inadvertently during laparoscopic cholecystectomy. At the beginning of the 21st century, the first case series of laparoscopically resected GIST were published [11] [12] [13] . They were limited to gastric GIST and most of them had no comparator group of patients who underwent open resection. These initial series showed the general feasibility of the approach with favorable perioperative (good operation times, quick postoperative recovery) and short-term oncological outcomes (high rates of complete resection, low risk of tumor rupture). Later studies were partially prospective, and many of them had a control group of patients who underwent open resection. However, because patients were purposely selected into one of the operative approaches due to the lack of randomization, the comparability of the 2 groups, especially regarding risk features such as tumor size, mitotic count, and tumor location, is limited. Several meta-analyses have cumulated the available evidence. The most recently published one included all studies published after 1997 which compared laparoscopic with open resection of GIST of any location [14] . In total, 24 studies comprising 2,140 patients fulfilled the inclusion criteria. All of them were either retrospective casecontrol or prospective cohort studies without a randomized control group. Moreover, only one of the studies comprised also GIST of non-gastric locations, namely 18 patients with small bowel GIST [15] . The analysis showed that the mean tumor size of the laparoscopically operated patients was significantly smaller ( fig. 2 ) , which mirrors the selective use of laparoscopy. Regarding the perioperative outcomes operative time, intraoperative blood loss ( fig. 2 ), time to flatus and oral intake, and hospital stay, a significant and clinically relevant difference in favor of laparoscopy was found. Specifically, mean length of hospital stay was 3.4 days shorter in the laparoscopy group. For all mentioned results, a substantial degree of heterogeneity was observed. The meta-analysis also assessed perioperative complications and long-term oncological outcomes, with no relevant heterogeneity among results ( fig. 3 ) . The incidence of perioperative complications was significantly lower in the laparoscopy group (6.3% vs. 14.7%, odds ratio 0.38). The analysis of tumor recurrence showed a lower recurrence rate in the laparoscopy group (odds ratio 0.45), but, besides the difference in tumor size, median follow-up was also 9 months shorter in the laparoscopy group.
Concerning laparoscopic resection of rectal GIST, the available evidence is very limited. The largest published series comprises 5 patients who underwent laparoscopic intersphincteric resection after neoadjuvant imatinib treatment [16] . All resections were complication-free and achieved tumor-free margins. None of the patients had recurred after a median follow-up of 36 months. An alternative minimally invasive approach for resection of rectal GIST is transanal endoscopic operation (TEO). This organ-preserving technique, in which transanal full thickness resection of the rectum is performed, can be used for circumscribed rectal GIST, usually after neoadjuvant imatinib treatment. Case series show promising oncological and functional results [17] .
In summary, there is ample evidence demonstrating the feasibility and favorable short-term outcomes of laparoscopic resection of gastric GIST. Oncologic outcomes seem to be favorable, too. A direct comparison with open resection is, however, hampered by a complete lack of evidence from randomized trials and inherent differences between patients in the open and laparoscopic group in uncontrolled comparative studies. Regarding GIST of non-gastric location, there is hardly any evidence, so that valid conclusions cannot be drawn.
Surgery for M1 GIST
Principles
Once GIST has metastasized, either via a hematogenous route to the liver or through peritoneal spread to the abdominal cavity, neither surgery alone nor systemic therapy can achieve durable tumor control. However, a well-balanced combination of the 2 approaches can potentially create a stable disease situation and prolong overall survival to several years.
The large majority of patients shows a quick and sustained initial response to systemic therapy with tyrosine kinase inhibitors. How- Fig. 4 . Para-aortic locoregional recurrence of a GIST which was primarily located at the gastroesophageal junction. The recurrence was initially treated with imatinib for 6 months as mutational analysis confirmed an exon 11 mutation. During this time, no new tumor lesions appeared so that the patient underwent resection of the lesion (Ivor-Lewis esophagectomy with partial resection of the diaphragm and pulmonary wedge resection) and was rendered tumor-free. Postoperatively, imatinib treatment was continued.
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Visc Med 2018;34:367-374 DOI: 10.1159/000491799 372 ever, usually after 2-3 years of therapy, treatment resistance due to secondary mutations and subsequent tumor progression emerges. At present, the 3 kinase inhibitors imatinib, sunitinib, and regorafenib have a label for the treatment of metastatic GIST. Further drugs are being tested in clinical trials [18] . The common feature of all substances used for GIST treatment is that tumor progression occurs in one, few, or many locations after they have been administered for a certain amount of time. The typical pattern is that progression-free survival lasts long in early lines of treatment but is substantially shorter in later lines. When analyzing progressive lesions with molecular biology techniques, a secondary mutation conferring resistance to the specific drug can usually be demonstrated.
Clinical Scenarios
The described growth and response pattern of metastatic GIST entail indications for a surgical approach which differ from indications in gastrointestinal carcinomas. The possible scenarios are: resection of residual lesions in generalized response, selective resection of progressive lesions in focal progression, and resection/ debulking in generalized progression.
If a state of generalized response during systemic treatment is achieved, surgery has the potential to remove all macroscopic residual tumor manifestations ( fig. 4 ) . The underlying rationale is to decrease the risk of secondary mutations during continued systemic therapy by decreasing the number of tumor cells which are exposed to a stimulus to develop such mutations during treatment with kinase inhibitors. Even if all visible tumor manifestations can be resected, a discontinuation of systemic treatment must be strongly discouraged from because of the assumed presence of dormant micrometastases. Not surprisingly, most patients develop an early recurrence if therapy is stopped after complete resection of all tumor manifestations in generalized response. Therefore, one of the goals of surgery in this scenario is not to free the patient from the requirement of drug therapy but to preserve efficacy of the currently given systemic treatment as long as possible without the requirement need to switch to further lines due to secondary resistance.
As an alternative therapeutic strategy in metastatic GIST, focally progressive lesions can be selectively resected ( fig. 5 ). Such lesions usually contain secondary mutations which yield resistance to the current systemic treatment [19] . By removing these lesions, the patient is given the possibility of staying on the current treatment and not having to escalate treatment to a more toxic second-or thirdline drug. Obviously, in analogy to generalized response, complete treatment discontinuation is not possible due to tumor lesions remaining in situ.
Patients with generalized tumor progression after multiple lines of systemic therapy often have a poor performance status and very limited life expectancy. At the same time, the tumor manifestations cause a considerable burden of symptoms. In these patients, surgery needs to be strictly limited to situations in which palliation seems achievable with an operation. Such scenarios include ileus, gastrointestinal or intra-abdominal hemorrhage, or metastasis-induced pain. Achieving a response to systemic therapy by means of decreasing the tumor burden is not a treatment goal in these patients. The expected benefit of an operation must be critically weighed against possible perioperative morbidity and mortality in this high-risk population.
Perioperative Morbidity
For patients with M1 GIST who undergo surgery, perioperative morbidity and mortality is of special concern. The respective patients often have a rather poor performance status and have received several lines of systemic therapy, which might both predispose to perioperative complications. However, in several studies both operations in patients with generalized response and in patients with focal progression were not associated with unusually high perioperative morbidity [20] [21] [22] . For debulking surgery in cases of generalized progression, however, the morbidity risk is higher, and the indication for surgery needs to be critically reflected [22] .
Drugs used in the systemic treatment of GIST can affect tissue healing. Regarding imatinib, there is no evidence of impeded healing, and thus treatment with the drug does not need to be interrupted prior to surgery. In contrast, sunitinib and regorafenib are multikinase inhibitors and have other targets, amongst which is the vascular endothelial growth factor (VEGF). Its inhibition can severely disturb the healing of anastomoses and wounds. Therefore, treatment with sunitinib and regorafenib requires interruption early enough before the operation to ensure that the inhibition takes no longer place. Usually, a 1-week or longer drug-free interval is recommended prior to surgery. Postoperative therapy should only be reinitiated after all anastomoses and wounds have entirely healed, which is usually the case 2-3 weeks after surgery [23] .
Survival
When discussing surgery in M1 GIST, important outcomes are not only quality of life and a delay in escalation of systemic therapy but also possible effects on progression-free and overall survival. To date, no randomized controlled trials comparing surgery in the different described scenarios (generalized response vs. focal pro- [20] [21] [22] [24] [25] [26] . All series come to relatively similar results. They are unable to demonstrate that surgery in either scenario prolongs survival compared to medical therapy alone. When comparing different clinical scenarios, however, survival after surgery in generalized response is significantly longer than after surgery in focal progression ( fig. 6 ). Only some series have evaluated debulking surgery in generalized progression. Postoperative survival in the respective cohorts was very short. All survival results most likely mirror the overall dynamics of the underlying disease rather than the specific effect of surgery. This is particularly likely because none of the series provides a valid control group of similar patients whose only different feature is that they do not receive surgery in addition to their systemic treatment. These results show that the critical selection of M1 GIST patients for surgery is of utmost importance.
Conclusion
For primary GIST not exceeding a certain size, laparoscopy seems to be an adequate surgical approach, as long as the surgical principles relevant for this entity are respected. The available evidence is almost exclusively limited to gastric GIST. A direct comparison to open resection is difficult because of the non-randomized methodology of all available studies. In M1 stages, selected patients may benefit from surgery by achieving complete or partial tumor regression and avoiding escalation of systemic therapy. Differences in observed survival after resection at different metastatic stages probably mirror the biology of the disease rather than the effect of the timing of the operation. Surgery in a stage of generalized progression bears a relevant risk of morbidity, must be limited to symptom palliation, and requires a careful selection of patients.
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